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FOREWORD D 

This  document is the  f i n a l  r epor t  of work performed on Science 

by the  WDL Division of the Phi lco Corporat ion dur ing  the  Comet  and 

Close-Approach Asteroid Mission Study f o r  the J e t  Propuls ion Laboratory 

under Cont rac t  JPL 950870. The r epor t  covers work performed dur ing  the 

per iod  2 July 1964 t o  2 January 1965. 

ACKNWLEDGMENT 

This volume was prepared by Alber t  Giddis wi th  a con t r ibu t ion  t o  

the  Brightness  Model s e c t i o n  by Proferror L. E. Cunningham of the 

Unlverrity of C a l i f o r n i a  Artromomy Department. 

ii 

PH I LCOt 3 WDL DIVISION 

- 



WDLTR2366 

SUMMARY 

The report analyzes what is known about the geometry, brightnesr 

and composition of comets to the extent necessary for conducting a 

mission analysis and for designing conceptual spacecraft. Such comet 

“models” have been developed to specify requirements of scientific 

instruments for performing comet measurements, to assess the applica- 

bility of existing instrumentation, and to determine the influence of 

the comet environment upon subsystem design and mission capability. 

Astrophysical and exobiological scientific objectives have been iden- 

tified and representative comet payloads established to determine the 

distribution of matter and magnetic field during a fly-through, to 
observe the nucleus and its surrounding region, and to determine cometary 

chemical composition. 
\ 

Scientific measurements performed from on-board a spacecraft during 

Its intercept with a comet fulfill two roles in determining the campo- 
sition of comets. The first functlon is to complement mearurements 

performed from earth astronomical observatorier by direct rampling of 

the particle, field and molecular comporition of a cornet, by close-range 

observation of its physical features, and by detecting predicted but 

unobserved spectral emissions. The second function is to supplment 
mearurements performed on the earth by confirming spectral liner pre- 
viously recorded, especially those that are ambiguourly identified. 

On-board mearurementr can better serve their complementary and rupple- 
mentary functions if they are correlated with rimultaneous photometric 

and spectroscopic obrervationr from Earth. 

The compatibility of particle-and-field experiment8 for comet 
intercepts with baric interplanetary measuremrntr is unique to thir 

iii 
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\ 

type  of encounter  mission.  

The s c i e n t i f i c  f e a s i b i l i t y  of comet missions wi th  an Atlas-Centaur 

launch v e h i c l e  dur ing  1967-1975 has been e s t a b l i s h e d .  

A mission t o  the  close-approach a s t e r o i d  Eros i s  o u t l i n e d  t o  

e s t a b l i s h  growth p o t e n t i a l  f o r  the comet probe. 

The s c i e n t i f i c  f e a s i b i l i t y  of a comet mission t o  Ponr-Winnecke 

wi th  an Atlas-Agena/Mariner-C during l a t e  1969 and e a r l y  1970 has been 

e s t a b l i s h e d .  

i v  
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SECTION 1 

SCIENTIFIC ORJECTIVES 

1.1 ASTROPHYSICS 

A s t r o p h y s i c i s t s  be l i eve  t h a t  a d e f i n i t i v e  i n s i g h t  i n t o  the  o r i g i n  

and formation of comets and p l ane t s  w i l l  be gained by exp lo r ing  comets 

and a s t e r o i d s  wi th  space probes [Whipple, 1963 ; Swings, 1962a; Newburn, 

19611. 

o r  t o  r e j e c t  e x t a n t  t h e o r i e s  about t h e  evo lu t ion  of t he  s o l a r  s y s t e m  

[ L y t t l e t o n ,  19531, about t he  physics of cometary and a s t e r o i d a l  bodies 

themselves [Wurm, 1963; Biermann and L u s t ,  1963; Robey, 19621, and 

about t h e  dynamics of t he  i n t e r p l a n e t a r y  medium fBrandt ,  1961; Brandt,  

19623. 

Much d a t a  must be co l l ec t ed  for many years  i n  o rde r  t o  r e f i n e  

There appears t o  be agreement wi th in  the  s c i e n t i f i c  camnunity t h a t ,  

a s  w i th  the  moon and p l a n e t s ,  the t r u e  n a t u r e  of comets can be revealed 

only  by a d i r e c t  probing of the  coma and t a i l  and by observa t ions  and 

eventua l  sampling of t h e  nuc leus  by a space probe. I n  t h e  meantime, 

photometric and spec t roscop ic  i d e n t i f i c a t i o n  of cometary m a t e r i a l s  i n  

the  l abora to ry  [Benton, 19643 and from ground obeerva t ionr  rSwing8 and 

Haser, 19561 w i l l  be continued. 

Plans e x i s t  f o r  e j e c t i n g  a r t i f i c i a l  gaseous comets from rocke t s  a t  

h igh  a l t i t u d e s ,  and g r e a t  i n t e r e s t  has been shown i n  o r b i t i n g  an a r t i -  

f i c i a P c o m e t a r y  nucleus around the Ear th  TDonn, 19611. Observation8 

of n a t u r a l  comets from o r b i t i n g  obse rva to r i e s  have been conr idered .  

S c i e n t i f i c  measurements performed from on-board a s p a c e c r a f t  during 

i t s  i n t e r c e p t  w i t h  a comet f u l f i l l  two r o l e s  i n  determining the  compo- 

s i t i o n  of comets, The f i r s t  func t ion  ie t o  complement measurements 

1-1 
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performed from e a r t h  ar t ronomical  obse rva to r i e r  by d i r e c t  rampling of 

t he  p a r t i c l e ,  f i e l d  and molecular  comporit ion of a comet, by close-range 

ob re rva t ion  of i t a  phyr i ca l  f ea tu re s ,  and by d e t e c t i n g  p red ic t ed  but  

unobrerved s p e c t r a l  emlrrionr. The recond func t ion  18 t o  rupplement 

mb8surementr performed on t h e  e a r t h  by confirming r p e c t r a l  l i n e s  pre-  

v i o u r l y  recorded,  e r p e c i a l l y  those t h a t  are ambiguourly i d e n t i f i e d .  

On-board mearuremento can b e t t e r  serve t h e i r  complementary and s u p p l a  

mcntary funct ion8 i f  they  a r e  c o r r e l a t e d  wi th  rimultaneour photometric 

and rpec t roecopic  obrerva t ione  from Ear th .  

1.1.1 Oriu in  of Comctr and A8teroids 

E i t h e r  cumets were fonned i n  the r o l a r  ryrtem, or they were formed 

i n  i n t e r s t e l l a r  apace and through some procer r  were captured by the  

run ' r  g r a v i t a t i o n a l  f i e l d .  The phyr ica l  evidence about c m e t s  is not  

i n c o n r i r t e n t  wi th  t h e i r  poss ib l e  o r i g i n  i n  i n t e r r t e l l a r  apace,  bu t  the  

dynamics of their p o s r i b l e  capture  and rubrequent motion a r e  debatable .  

The r ecen t  d i rcovery  by Greenetein and Stawikowski r1964; t h a t  Carbon 13  
\ 

occurs  i n  comet Ikeya i n  almost the same propor t ion  t o  ClZ a r  it  occur8 

on e a r t h  sugge r t s  t h a t  comets were formed i n  the  s o l a r  ryrtem. Oort 

E19631 has suggerted t h a t  comet$ were formed i n  the  ram region  ae the 

p l a n e t s  bu t  were subsequent ly  expel led  f r a n  the  s o l a r  system by p l ane ta ry  

pe r tu rba t lone  i n t o  a l a r g e  "cloud" murrounding the  r o l a r  ryrtem. S t e l l a r  

pe r tu rba t ion8  prerumably force  l ane  of there bodicr  back i n t o  t h e  s o l a r  

ryr tem t o  smal le r  p e r i h e l i o n  d i r t a n c e r  u n t i l  they come under the inf luence  

of J u p i t e r .  

I t  ha8 bean conjectured t h a t  the  a r t e r o i d r  are t h e  remain8 of the  

c o l l l r i o n  of two p l a n c t r  i n  the  region now occupird by the a r t e r o i d  

b e l t .  

c o l l l r i o n r  amon8 t he re  p l r rc to ida l  p a r t i c l e r ,  

Some of t he  muller 88terOidr  ~ y b r  t he  f r a p e n t r  of rubrrquent  

1-2 
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1.1 .3  ESRO Stady Group 

The European Space Research Organization (ESRO) Cometary F e a s i b i l i t y  

Study Group has under cons idera t ion  the  s tudy  of i n t e r c e p t  missions t o  

p e r i o d i c  comets [Biennann, 19643. 

pe r iod  1970-1974 has  been e s t a b l i s h e d ;  a document w i l l  be issued soon on 
t h e  phys ica l  c h a r a c t e r i s t i c s  of comets Tempe1 (2 ) ,  Ponr-Winnecke, Brooke ( 2 1 ,  
Faye, Encke, Honda-Mrkos-Padjueakm, Tuttle-Giacobini-Kresak, Brorrcn, 

Wolf, T u t t l e  and Ha l l ey ;  and a d e t a i l e d  s tudy  of space cometary expcr i -  

mente i s  being conducted [Swingr, 19643. However, s i n c e  dec is ions  have 
n o t  been made o f f i c i a l l y  by t h e  appropr i a t e  bodies  of  ESRO, no information 

has  been au thor ized  f o r  r e l e a s e  [ D i  Benedctto,  19643. 

A pre l iminary  l i s t  of comets for the 

\ 

1.2 EXOBIOLOGY 

High i n t e r o r t  ex i r t r  i n  the  de t ec t ion  of l i f e  throughout the  s o l a r  

system. 

of organic  compoundr fundamental t o  l i f e  ha8 been ruggerted.  

s cop ic  obrerva t ions  of comets ind ica t e  unequivocal ly  the  prercnce of 

CN, C2, C3, and CH i n  t he  cometb atmorpherc (coma). 

(nucleue) €8 prorumably compored of t h e  f r o t c n  gar molcculrs  CH4, CO, 

C O P ,  and o t h e r r .  

The p o s s i b i l i t y  of  explor ing cometo t o  determine the  prercnce 

Spectro- 

The icy core 

1-3 
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SECTION 2 

COMET MODELS 

2.1  GEOMETRY AND COMPOSITION 

The geometry of p e r i o d i c  comets s e l e c t e d  f o r  f i r s t - g e n e r a t i o n  comet 

miss ions  can be represented  by a s t a r - l i k e  s p h e r i c a l  nucleus of 1 I n 1  

diameter  or l e s s ,  surrounded by a b r i g h t  reg ion  r e f e r r e d  t o  as the  nuc lea r  

condensation of perhaps 10 km apparent d iameter ,  imbedded i n  a s p h e r i c a l  

coma of 10 km apparent  diameter near  p e r i h e l i o n  ( i n t e r c e p t )  between 

1 and 2 A.U. The p o s i t i o n  of the nucleus is gene ra l ly  o f f - c e n t e r  along 

3 

5 

t h e  sun- comet 1 ine  , 

from the  sun. 

A f a i n t ,  s h o r t  t a i l  extends a long  t h i s  l i n e  away 

t-------- to' km. - -- 

T A I L  

The v i s i b l e  s i re  of the coma, a s  seen from t h e  carnet probe, m y  be 

l a r g e r  than a8 reen from the  Earth because, i n  apace,  no atmospheric 

background "noise" ex is t s  t o  mask the  f a i n t  o u t e r  l i m i t 8  of the  cometary 

atmorphere. It has been suggested, f o r  example, t h a t  an apparent r i s e  
of 0.5 deg. mearuted f r m  t h e  e a r t h  may appear t o  be 3 deg. from t h e  

2-1  
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probe at an equal comet-observer distance outside the Earth’s atmosphere 

(this means the same optics also). 

The atoms, molecules, and solid particles in the coma and tail ori- 
ginate in the nucleus. rie composition of the nucleus is generally 

accepted to consist of icy compounds (such as water, ammonia, methane, 
carbon, etc.) partly in the form of solid hydrates with an admixture 

of meteoritic dust (e.g., netals and silicates) ‘Wurm, 1963; Lyttleton, 
1953; Whipple 1963’. The observed gases in the coma and tail are atoms 

and di- or triatomic radicals or molecules resulting from sublimation, 

photodissociation, ionization, and chemical reactions. 

Most comae and many tails reveal a solar continuum that is due to 

the scattering of solar radiation by solid particles [Swings, 19631. 

In addition, gases in the coma emit fluorescence spectra as a result 

of excitation by solar electromagnetic radiation, while gases in the 
tail show spectra as a result of ionization by solar corpuscular radiation. 

The few available data on the composition and physical characteristics 

of selected periodic comets Tempe1 (2), Pons-Winnecke, Kopff and Brooks ( 2 )  

are eumnarized in Table 2-1 [Cunningham, 1964; Dossin, 1964; Roberts, 1 9 6 4 ;  

Vaekhsvyatskii, 1963’. Their orbital characteristics are discussed in 

Volume 3. 

2.2 BRIGHTNESS MODEL 

2.2.1 Distant-Passage Model 

The brightness of a comet is usually represented by an empirically 

jurtified relation of the form 

2-2 
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where 4 is the earth-comet distance, r is the sun-comet distance, and n 

characterizes the degree of central condensation of the comet under 

observation. Phase with respect to the observer is neglected and comet 

activity is assumed not to vary widely in time. Values of n range from 

2 to 0 generally, with an average of 4 ,  Expressed In stellar magnitudes, 

the relation becomes 

m = m + 5 log A + 2.5 n log r, 
0 

where m is an absolute magnitude. Theoretically, it represents the 

brightness that a comet appears to exhibit at unit distance from the sun 

and from the earth ( A  - r = 1 A . U . ) .  However, the light from a comet 

results from sunlight reflected and scattered by the nucleus and dust 

particles, and from light re-emitted by molecules excited to fluorescence 

by solar radiation. These different contributions vary with heliocentric 

distance and the particular apparition, and thus cannot be represented 

strictly by a magnitude law as the one expressed in Equation (2-2). 

theless, the time-honored fonnula is useful. 

0 

0 
Never- 

2.2.3 Close-Approach Model 

The most reliable estimate of brightness distribution has been 

provided by Profeseor L. Cunningham of the University of California. 

Cunningham r19641 has suggested a symnetrical model based upon obrer- 
vations. The sylranetry of the illumination contours are attributed to 

the age of the comet which ir a measure of cometary activity, the 

periodic comets being very old and having a corresponding low activity. 
Cunningham has indicated that in the region of maximum brightness, the 

brightness distribution of both the coma and the nuclear condensation 

of faint, periodic comets near perihelion can be described by exponential 

2-4 
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functions of angle away from the center of the nucleus. That is, 

2 -kL B E B e  
0 

where 

B - brightness measured in stellar magnitudes per (minutes of 

B - brightness at the center 

L - angular distance measured in minutes of arc away from the 

arc) 2 

0 

center by an observer at 1.0 A.U. 

This brightness pattern applies to the coma and the nuclear condensation 

in which the coefficientsk and Bo for Pons-Winnecke are as follows: 

Region 

Coma 

Nuclear 
Condensation 

k 

8 

2000 

B 
0 

4.0M/(min.) 2 

The above model can be converted to stellar magnitudes M at 1 A.U.: 

(2-4) 2 M .I Mo + 2.5 kL log e 

where M ir the absolute magnitude. 
0 

2.3 SPECTRAL EMISSION 
\ 

A tabulation of charactertietic cometary epectra is s h a m  in Table 
2-2 [Swings and Haser, 1956; Wurm, 1963; Benton, 1964; Swings, 1962al. 

2-  5 
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F o r  the neutral and ionized molecules listed, the table indicates the 

wavelength range within which emission lines have been detected, the 

wavelength of maximum intensity, and the comet region within which 

the maximum intensity is observed, and the maximum heliocentric 
distance at which the emission spectra can be observed. 

Since the heliocentric distances at intercept are less than 1.6 A.U. 

except for Brooks (2), the molecular emissions listed in Table 2-2 may 

all be observable with an on-board spectroscope, particularly when it 
is pointed toward the region of maximum intensity observed previously 

from Earth. 
identified molecules ( e . g . ,  CN, C2, CO'), it is of high interest to 

detect emission f r w  ambiguously identified molecules (e.g., 01, OH'), 

from predicted but a8 yet unobserved ions and stable molecules (e.g., 
NH', 3, N2) in the far-ultraviolet region and radicals ( e . g . ,  

CH ) in the near-infrared region. 3 

In addition to confirming the presence of positively 

cR2 

Although similarities exist in the spectral emirrion and hence the 

molecular composition of periodic comets, as indicated by the obrerved 
spectrum in Table 2-1, variations occur among cometi that are generally 

unpredictable. However, it ir evident that all thase observed rpectro- 
icopie81Iy ce~&rrin carban molccules; i . e . ,  CN C2, Cj, CH and CO'. 

2 . 4  PARTICLE DISTRIBUTION 

2.4.1 Molecules and Ions 

From photometric and spectroscopic observation8 of much phenomena, 
the densities of various gases and duet have been estimated in revrrrl 

2-7 
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DISTANCE DUST DENSITY 
FROM NUCLEUS PARTICLE REGION COMET GAS DENSITY 

Encke co+ 1 - 1oo/cc lo4 km 
4 

7 x l o 4  km 
3 l c c  4 x lo4 km (gas head) 

CN, c2 
1 /cc 

Brooks (2) CN, C 10 -10 / cc  
(gas head) 2 1 - 1o/cc  lo5 km 

0.5/cc 9 x 1 0  km 

near  nucleus 4 6  

i 2 

comets :Swings, 1962c; Sadler ,  19621. The va lues  shown i n  Table 2-3 

have been used as a guide dur ing  the s tudy  u n t i l  d a t a  become a v a i l a b l e  

for t he  s e l e c t e d  comets under study. As shown, tte gas d e n s i t i e s  decreare  

w i t h  inc reas ing  d i s t a n c e  from the nucleus,  and t h e i r  abso lu t e  and r e l a t i v e  

abundance8 d i f f e r  from one comet t o  another .  Although no t  shown, t hese  

parameters  a l s o  vary  wi th  h e l i o c e n t r i c  d i s t a n c e s .  

\ 

Table 2-3 Representat ive Comet Dens i t i e s  

2.4.2 Dust 

No probable d i s t r i b u t i o n  of dus t  has been generated which can be 

considered use fu l  f o r  e s t ima t ing  the expected change i n  d u s t  dens i ty  and 

v e l o c i t y  as the  spacec ra f t  flies through these  comets. A gareous comet 

l i k e  Encke may have an average p a r t i c l e  d e n s i t y  of 10°9/cc i n  i t 8  coma. 

2 .4 .3  Elec t ron  

Since t h e  coma is considered e l e c t r i c a l l y  n e u t r a l ,  the  number of 

e l e c t r o n r  should equal  the  number of ions .  

only n e u t r a l  molecules have been de tec ted  spec t roscop ica l ly .  

I n  the coma of some cometi ,  

An upper 

2-8 
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d 

l i m i t  t o  t he  number of b l e c t r o n s  can be obtained by assuming t h a t  t he  

number of ions is an order  l e s s  than the  number of the  weakest n e u t r a l  

molecule de t ec t ed ,  e . g . ,  C p  o r  C For 1031 molecules,  t h i s  meanr 10  3 '  
e l e c t r o n s .  For an equiva len t  uniform comet diameter  of 10 b, t he  

maximum average e l e c t r o n  d e n s i t y  is about l / c c ,  a value comnensurate 

wi th  the  e l e c t r o n  d e n s i t y  of t h e  i n t e r p l a n e t a r y  medium between 1 and 

2 A.U. The d i s t r i b u t i o n  of e lec t rons  through the  came is  unknown. 

30 
5 

2 . 4 . 4  Hvdronen 

The proton d e n s i t y  i n  cometary comae le unknown, but no t  high enough 

to  produce hydrogen i n  q u a n t i t i e r  s u f f i c i e n t  t o  genera te  de t ec t ab le  

hydrogen l i n e r .  However, 21 - cm emisaion has been repor ted .  

2 .5  RADIO EMISSION 

The only  reported obrerva t ions  of cometary r a d i o  mirrion have been 

made on Arend-Roland dur ing  i t a  pe r ihe l ion  pasrage i n  Apr i l  1957. 

few d a t a  are t abula ted  below i n  Table 2-4.  

The 

Radio emission a t  27.6 Mc [Kraur, 19563 is produced by the  i n t e r -  

a c t i o n  of the  cane tary  plarmr w i t h  r o l a r  corpurcular  rtreame. 
emirs ion mechanirm mort l i k e l y  r r sponr ib l e  i r  the  d e c e l e r a t i o n  of comet- 

a r y  ion, i n  a s o l a r  corpuscular  atream which producer plartar orcillationr, 
u r u a l l y  I n  the  t a i l  region.  

rnechmima a r e  i n e f f e c t i v e  In c m e t r  ; e .  g. , synchrotron and Cerenkov 

mirrion, and I n t e r a c t i o n  of cometary d u r t  w i th  r o l a r  protono [Erickron,  

19572. 

The 

D o b r w o l ' r k i i  r19611 ham rhown t h a t  othmr 

Emirrion a t  1420 Hc p u l l e r ,  P r i e r t e r ,  and F l r c h e r ;  19581, p r r r u ~ b l y  

2-9 
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from atomic hydrogen i n  the  cometary atmorphere, war un r t ab le  and cannot 

be regarded a r  f irm. 

Unequivocal r a d i o  emir r ion  a t  600 Mc rCoutres ,  Hunaertr ,  and 

Koeckelenbergh; 19591 i o  produced by t r a n r i t i o n r  between f i n e - r t r u c t u r e  

component8 due t o  the  so-ca l led  A - type doubl ing of r o t a t i o n a l  l e v e l s  

i n  t h e  fundamental e l e c t r o n i c  s t a t e  of the  CH molecule,  The number of 

molecules which might exp la in  the  obrerved f l u x  d e n r i t y  a t  the e a r t h  of 

5 .6  x 

e r t ima ted  populat ion of cometary atmorpherer. 

from the  comet, t he  f lux d e n r i t y  rhould be about 5.6 x loo1' v a t t r / m  /cpa.  

With a 4-db opacecraf t  r ece ive r  a t  600 Mc and f o r  a d e r i r e d  r igna l - to-  

n o i r e  r a t i o  of 10, the antenna gain required above i r o t r o p i c  i o  13.2 

(12db). 

y i e l d  the  necer rary  e f f e c t i v e  aper ture .  Hcwever, whether r a d i o  emirrion 
i r  d e t e c t a b l e  i n  the  v i c i n i t y  of the r e l e c t e d  p e r i o d i c  cometr ir 

debatable .  

2 w a t t r / m  /cpr  ir about lom- a va lue  compatible wi th  the  

A t  1.5 m i l l i o n  lan away 
2 

A 60-degree c o m e r  r e f l e c t o r  or a 2.3-foot  long Yagi w i l l  

0 

2.6 MAGNETIC FIELD DISTRIBUTICM 

Robey [1962) rugge r t r  t h a t  the magnetic f i e l d  d i r t r i b u t i o n  i n  the  

coma i r  of the  form, 

f o r  8 r p h e r i c a l  nucleur  of r ad iu r  do rurrounded by a concent r ic  r p h e r i c a l  

coma of radiur d ,  where Bo Fr the  re ference  magnetic f l u x  d e n r i t y  a t  the  

ru r f ace  of t he  nucleur .  

w i th  h e l i o c e n t r i c  d i r t a n c e  from 0.54  t o  1.46 A.U. for  Encka. Not aaou8h 
The exponent n v a r i e r  approxiau ta ly  l i n e a r l y  
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d a t a  e x l r t s  on the  s e l e c t e d  per iodic  cometo t o  develop camparable value, 

of n. Therefore ,  the  r c s u l t r  for Encke have been ured  a r  a model. 

Robey has computed t h a t ,  f o r  Encke wi th  a r ad iu r  of 1 km, t he  

average flux d e n s i t y  a t  t he  surface of t he  nucleus decreases  l o g a r i t h -  

m i c a l l y  wi th  decreas ing  h e l i o c e n t r i c  d i s t ance ,  i . e . ,  f r a n  0.2 gauss a t  

1 .5  A.U.,to 0.0183 gauss a t  1.0 A.U.,to 0.006 g a m s  a t  0 . 5  A.U. 

f l u x  a t  t he  o u t e r  boundary of t he  coma v a r i e s  i nve r se ly  wi th  h e l i o c e n t r i c  

d l r t a n c e ;  a t  1 A.U., i t  has been ca lcu la ted  t o  be 48.3 x gaurs .  

The 
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SECTION 3 

COMET EXPERIMENTS 

3.1 PARTICU AM) FIELD MEASUREMENTS 

h e  s c i e n t i f i c  o b j e c t i v e s  ou t l ined  i n  Sec t ion  1 lead t o  t h e  iden t i -  

f i c a t i o n  of s c i e n t i f i c  experiments i n  t h r e e  ca t egor i e s :  (a)  p a r t i c l t -  

and - f i e ld  measurements i n  the  come, (b)  obeerva t ions  of t h e  nucleus,  and 

( c )  physicochemical measurements of cometary matter .  

A s e t  o f  e i g h t  pa r t i c l e -and- f i e ld  exper iecnts  and a propagat ion 

experiment is l i s t e d  in Table 3-1A along with the  phys ica l  and p e r f o m  

ance c h a r a c t e r i s t i c r  of inetruments s e l e c t e d  t o  perform the  measurements. 

The instruments  a r e  the  following: 

PH I LCO 
.-, .. . R IJ 5" r h r  "vu* 

a.  

b. 

C .  

d. 

e. 

f .  

8.  

h. 

Tr  i a x i a  1 he 1 ium ma gne tome t e r  
Tsmith, 1964; JPL, 1963 C )  

Piezoelectric-microphone dus t  d e t e c t o r  
fJPL, 1964; JPL, 1963 c;  JPL, 1962 a; NASA, 19631 

E1ect ro#ta t ic -ana  lyze r  plasma probe 
TJPL, 1964; JPL, 1963 a, c ;  JPL, 1962 a ,  bl 

Ion- mar s spec t rome t e  r 
[NASA, 19631 

Planar- t r a p  e l e c t r o n  de tec to r  
TJPL, 19623 

I n t e g r a t i n g  ion iza t ion  chamber 
TJPL, 1963 c ;  JPL, 1962 a ]  

Trapped-radiat  ion Geiger-Mueller counter  
cJpL, 1963 c ;  JPL, 1962 a 3  
B i s t a t  ic-  radar  r e c e i v e r  
r JPL,  19641 

\ 
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Among these  instruments ,  t h e  performance of the  following depend upon 

t h e  probe ' s  v e l o c i t y  r e l a t i v e  t o  t h e  comet: dus t  d e t e c t o r ,  e l e c t r o n  

t r a p ,  and ion mass spectrometer.  

3.1.1 D u s t  Detector  

For a r e l a t i v e  v e l o c i t y ,  vh, t h e  minimum p a r t i c l e  mass, m d e t e c t a b l e  
P' 

wi th  a d e t e c t o r  of  s e n s i t i v i t y ,  M, is  

For v e l o c i t i e s  of 8 t o  16 km/sec der ived  from t h e  t r a j e c t o r y  ana lys i s  

and a s e n s i t i v i t y  of  dyne-scc. f o r  t he  pieeoelectric-microphone 

inst rument ,  m ranges from 1.25 x t o  6.25 x gm. The average 

impact r a t e  f o r  a d e t e c t o r  a r e a ,  A,  and an average d u s t - p a r t i c l e  d e n r i t y ,  

p,  i n  t h e  come of  a gaseous head comet is 

P 

c -  

\ 
i = vh Ap 
P 

The impact r a t e s  range from 0.28 to  0.561sec for A 

inst rument ,  and f o r  p = cc.  in a t y p i c a l  gaseous comet. 

= 3SO cm' in tht 000 

3.1.2 Elcctron-Ion Trap 

The minimum d e t e c t a b l e  charged-part ic  l e  dens i ty  for an inrtrumcnt 

of 10- l~  amp/volt s e n s i t i v i t y  is 

(2-8) 5 N (dc/dt)/A vh = 6.25 x 10 /A vh. 

For a d e t e c t o r  a r e a  of 1 cn? m v i n g  a t  a r e l a t i v e  v e l o c i t y  of 8 t o  16 

km/scc, t h e  charge d e n r i t y  ranger from 0.78 t o  0.39/rec. 

3-2 

WDL DIVISION . .  



WDL- TR2 366 

3.1.3 Ion Mass Spectrometer 

Under the  assumpt ion t h a t  t h e  t e l a t  i v c  spcctrometer- ion veloc i t y  

is t h e  same a s  t h e  r e l a t i v e  spacccraft-comet v e l o c i t y  of  8 t o  16 km/sec, 

an  O w t y p e  f l l g h t  ion-mass spectrometer wi th  a aaap/volt s e n s i t i v -  

i t y  and a window a rea  of 12 cu? w i l l  d e t e c t  ion d e n s i t h a  of 6.25 x loo3 
to  3.25 x ld3 per  cc.  

ion  d e n s i t i e s .  

from t h e  nucleus is a t  l e a s t  l / cc .  

These minimum d e n s i t l e e  a r e  compatible with coawt 

For example, t he  d e n s i t y  o f  CO' ions i n  Enckc a t  10 4 km 

3.1.4 Neutral  Mass Spectrometer 

Generally speaking, a n e u t r a l  mass spectrometer  could be expected 
6 t o  d e t e c t  n e u t r a l  molecules only i f  t h e  d e n s i t i e s  were lo4 t o  10 

The d c n s i t i e o  of CN and C, mo>eculer In the v i c i n i t y  of the nucleus of 

Brooks (2) f a l l  wi th in  t h i s  range. 

pe r  cc. 

3.1.5 Other Inr t rument r  

I n  a d d i t i o n  t o  the  pa r t i c l e -and- f i e ld  inr t rumcnt r  t abu la t ed  i n  

Tables 3- lA and 3-1BB o t h e r s  are descr ibed  i n  Appendix A.1. 

3.2 OBSERVATIONS OF NUCLBUS 

A a e t  o f  f i v e  e x p e r i w n t a  d i r e c t e d  toward t h e  nucleur  i r  l l a t r d  

i n  Table 3-U along wi th  the c h r r a c t e r i r t i c s  o f  inr t rumontr  rlmilar 
t o  thoae requi red  to  perform t h e  observat ions.  The ln r t rumant r  are 
the  following: 

a. S l o r s c a n  t e l c v i r i o n  
TJPL, 1964; JPL, 1963 c ]  

b. In f  ra red  photomult i p  l i a r  radiometer  
r m ,  19641 

c. I n f r a r e d  spectrometer  
[JPL, 19641 
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d. U l t r a v i o l e t  spec trome t e r  
r m ,  1964: 

e. U l t r a v i o l e t  photometers 
r m ,  1964; JPL, 1963 C I  

The requirements imposed upon subsystems by these  instruments  a r e  tabu- 

l a t e d  i n  Table 3-2B. 

3.2.1 Slow-Scan Telev is ion  

The f e a s i b i l i t y  o f  us ing  t e l e v i s i o n  subsystem with t h e  performance 

o f  t he  Advanced Mariner TV has been e s t ab l i shed  on the  b a s i s  of  t he  comet 

b r igh tness  model during a c l o s e  approach t o  Pons-Winnecke's nuc lea r  

condensation. The Mariner-C t e l e v i s i o n  appears t o  have i n s u f f i c i e n t  

s e n s i t i v i t y  ( see  Sec t ion  7.2 in  Volume 6) .  

Advanced Mariner TV a r e  t abu la t ed  i n  Table 3-2A. It is recommended t h a t  

p i c t u r e s  be taken through y e l l o r r e d  and blue  f i l t e r s  when d i r e c t e d  

toward t h e  nuc lea r  condensation. The TV is located with photometer8 

and a spectrometer  on a t r ack ing  platform.  

The c h a r a c t e r i s t i c s  o f  the  

0 

3.2.2 Comet Tracking Platform 

The comet t r ack ing  platform is s laved  t o  the  comet t r a c k e r ,  which 

i t  supports .  

ing r a t e  a s  a f snc t ion  o f  expected miss d i s t ances  and c l o s i n g  v e l o c i t i e s ,  

based on the  p lanar  geometry i l l u s t r a t e d  below. 

Figure 3-1 shows the v a r i a t i o n  of  the  amximum angular  track- 

"h 

Nuclear Condenrat Ion 

The r e l a t i o n  of  angular  t r ack ing  r a t e ,  t r ack ing  ang le ,  and probe-nucleus 
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d i s t a n c e  €or a given approach 

d i s t a n c e  d (aiming p o i n t )  is m 

r e l a t i v e  v e l o c i t y  v 

s imp ly  , 
and c l o s e s t  approach h ’  

de /d t P -(vh s i n 2  O)/dm. (3- 2) 

3.2.3 I R  Radiometer 

A measurement o f  the  sur face  temperature  of t h e  nucleus is des i r ab le .  

However, estimated temperatures range from 100 t o  200°K, so t h a t  t h e  

performance, phys i ca l  c h a r a c t e r i s t i c s ,  and requirements o f  t h e  radiometer 

i n  Tables  3-4A and 3-4B may be incompatible wi th  the high s e n s i t i v i t y  

demanded by such low temperatures ,  

3.2.4 I R  and W Spectrometers 

The s p e c t r a l  regions se l ec t ed  for t h e  scanning ope ra t ion  of  t h e  

I R  and W spectrometers  a r e  those  corresponding t o  t h e  s p e c t r a l  emission8 

t abu la t ed  i n  Table 2-2, i n  p a r t i c u l a r  f o r  t h e  CN, C2, C and CB moleculee 

which occur  i n  some abundance and have been observed from the e a r t h  In  

the pe r iod ic  comets. S e n s i t i v e  spectrometers  a r e  needed t o  e s t a b l i r h  

the  ex i s t ence  of  OH, NH, NH and 0 molecules in  the  coma he re to fo re  not  

observed in  t h e  s e l e c t e d  cornets. 

ambiguous observa t ions  of  t h e  C& and Od‘ ions have been recorded and 

could be confirmed. 

0 
3 

2 I 
I n  the  coma and near  t h e  nuc leur ,  

3.2.5 W Photometers 

In  a d d i t i o n  t o  measuring the i n t e n s i t y  of  d i a c r e t e  wavelength 

emiesions from known molecular components, W photometer8 a r e  t o  be used 

f o r  measuring the  i n t e n r i t y  of s o l a r  Lyman-Alpha r a d i a t i o n  r c a t t e r e d  of f  

molecular hydrogen In t h e  coma and i n  the  v i c i n i t y  o f  t h e  nucleur.  

in s c a t t e r e d  r a d i a t i o n  a r e  t o  be c o r r e l a t e d  with d i r e c t  Lyman-Alpha 

t i o n  de tec t ed  wi th  a photometer aimed a t  t he  sun. 

Changer 

rad 18- 
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3.2.6 Other Instruments 

In  a d d i t i o n  t o  the  instruments fo r  observing the nucleus tabula ted  

i n  Tables  3-2A and 3-2B, o t h e r s  a r e  descr ibed in  Appendix A.2. 

3.3 CHEMICAL COMPOSITION 

The photometric and spectroscopic  measurements d i scussed  in  

Sec t ion  3.2 with regard t o  t h e  nucleus apply a l s o  t o  determining the 

composition of  t he  coma approached and t r ave r sed  by the spacec ra f t .  

Moreover, t h e  ion mass spectrometer  considered in  Sec t ion  3.1 with regard 

t o  p a r t i c l e - a n d - f i e l d  measurements app l i e s .  

The chemical a n a l y s i s  o f  cometary m a t e r i a l  by such techniques a s  

gas chromatography, a lpha- p a r t  ic le  s c a t t e r i n g  and neutron a c t  iva t ion 

TJPL, 1963 b 7  depends upon c o l l e c t i n g  adequate samples from t h e  r a r e f i e d  

atmosphere of t he  coma a t  high r e l a t i v e  p a r t i c l e  v e l o c i t i e s .  These 

techniques  appear f e a s i b l e  only on a mission in  which the  spacec ra f t  

paces  the  comet in  the  v i c i n i t y  of t h e  nucleus o r  a c t u a l l y  lands on the 

nuc l e u s  t o  e x t r a c t  samp l e s .  

0 

3.4 REPRESENTATIVE PAYLOAD 

Table 3-3 r ep resen t s  a f u l l  complement of  s c i e n t i f i c  instruments 

f o r  determining the  d i s t r i b u t i o n  o f  u t t e r  and of  t he  magnetic f i e l d  

through t h e  coma of  s e l e c t e d  comets (P), f o r  observing the  nucleus (0),  

and for determining the  chemical composition o f  cometary m a t e r i a l  ( C ) .  

3.4.1 M a r i n e r 4  Comparison 

Refer r ing  t o  Table 3-3, itcmr 1, 2 ,  3 ,  5 ,  6 and one each of itcmr 

8 snd 9 a r e  i d e n t i c a l  t o  the Mariner-C sc i ence  complement, I t  is shown 
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Table 3-3. REPRESENTATZVE COMET PROBE SCIENCE PAYLOAD 
(ATLAS-CENTAUR) 

Instrument 

Magnetometer 6 . 1  

Dust Detectors (2)  2 . 3  

Plasma Probe 7.0 

Ion- E l cc  t ron Trap 8 . 0  

Ionlzat Ion Chamber 2.6 

Cn Tube 2.1 

Ion-Mesa Spectrometer 8 .0  

Lyman-Alpha Photometers ( 2 )  3 .0  

W Photometers (2) 3.0 

W Spec trorncter 22.0 

Television 3 5 . 0  

Totals 9 9 . 1  lbr 

- Power 
(w) 

7.0 

0 .2  

3.5 

2.0 

0.5 

0.4 

8.0 

3.0 

3.0 

12.0 

16.0 

55.6 

Function 

P 

P 

P 

P 

P 

P 

Note: B i t  rater,  thermal l imitr ,  orientation and preferred S/C 
location of  each instrument are given i n  Tabler 3 - l B  and 
3-2B. 
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in Section 5 of Volume 
in 1969 can be modified to include an ion-mas8 spectrometer (item 7) 

and a gimbaled comet tracker to direct two W photometers toward the 
nucleus (item 9) in addition to rupporting two Lyman-alpha photometer8 

(item 8). It is also s h a m  that a modified Mariner-C launched with an 

Atlas-Agena in 1970 can support, in addition, an Advanced Mariner 

television subsystim (item 11) to observe the nucleur. 

9 that a Mariner-C launched with an Atlas-Agena 

Table 3-4 compares the science payloads of the baric Mariner 8nd 
its near-minimal and maximal modifications. 
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Ins t rumen t 

Magnetometer 

Dust Detectors (2) 

Plasma Probe 

Ionization Chamber 

GM Tube 

WDL-TU 366 

Table 3-4. Mariner4 Comet Probe 
Science 

Ion-Mass Spectrometer 

Lyman- Alpha Photometer 

UV Photometer 

Tclcvis ion 

UV Spectrometer 

Ion-Electron Trap 

* 
* 

Mar inc r -C Mariner 
(1964) Mod. 1969 

X 

X 

* Alternative couple to the television. 
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ASTEROID 

Icrrus 

Ceographus 

Hemes 

Eros 

Apollo 

' 0  

Per lod 4 a e i Closest Earth 
(yr) -(A.U.) (A.U.) (deg) Dirt. (A.U./yr) 

0.042 
1968 

0.073 
1969 

0.005 
1937 

0.150 
1975 

0.070 
1932 

- 1.12 0.186 1.078 0.827 23.0 

- 1.388 0.827 1.244 0.335 13.325 

- 1.466 0.677 I 1.230 0.475 4.685 

- 1.761 1.133 1.G58 0.240 10.831 

1.812 0.645 1.486 1 0.566 6.422 - 

SECTION 4 

ASTEROID MODEL AND EXPERIMENTS 

4.1 PHYSICAL PROPERTIES 

The orbital characteristics of five close-approach asteroids are 

tabulated below in Table 4-1. 

Table 4-1 Orbital Characteristics of Close-Approach Asteroids 

Significant data on their physical properties arc scarce btcaure all art 

fast-moving small objects that have allowed only short observation timos. 

A digest of the phyrical properties and composition of clore-approach 

asteroids in given below: 

4-1 
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Shape 

S ize  

Apparent Magnitude : 

Rota t ion  Period 

Densi ty ,  Mass 

Surface Temperature : 

Compos i t  ion  

Atmosphere 

Magnetic F i e l d  

I r r e g u l a r  
(Eros : 22 x 6 km) 

I c a r u s  : 1.4 km 
Geographus: 2 .0  km 

Eros : 2 2 . 0  bn 

I c a r u s  : 18 

Eros : 9 t o  10.4 

Eros : 5 . 5  hr 

Unknown 

Ica rus  : 800% 

Alumino-si l icates ,  s i l i c a t e s ,  n i cke l -  
f e r rous  compounds 

No atmosphere ind ica t ed  

Unknown 

4.2 POSSIBLE EXPERIMENTS 

The fol lowing experiments I n  the v i c i n i t y  of a clore-approach 

a s t e r o i d  a r e  suggested:  

EXPERIMENT OBJECTIVE 

Visual  Ob8ervation Ascertain shape,  TV wi th  c o l o r  f i l t e r 8  
8 ire  a d  r o t a t i o n  ( e , g . ,  Marinor '64) 

Inf  r a red  
Rad i m e  t r y  

U 1  t r a v i o l e  t 
Phot m e  t r y  

Determine ru r f ace  I R  Radiometer 
t empe r a  t u r e  (e.  8. , M a r i ~ o r  2 )  

Determine su r face  W Photometer 
emir8 ion8 (e .g , ,  Mariner '64) 

Magnetic F i e l d  Mearure d i r e c t i o n  Magnotmetor 
and i n t e n r i t y  ( e . g , ,  Mariner '64) 

Mar s Determine mama 
and d e n r i t y  

S I C  t r a j e c t o r y  
de f l e e t  i tm-Radar 
ranging r y r t m  

4-2 
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4.2.1 P a r t i c l e s  and F i e l d s  

The de tec t ion  of a magnetic f i e l d  nea r  an a s t e r o i d  is a l i n k  i n  the  

de te rmina t ion  of t he  o r i g i n  of the a s t e r o i d s  and t h e i r  composition. Thur 

c a r e f u l  measurements of  the change i n  the  i n t e r p l a n e t a r y  magnetic f i e l d  

i n  the  v i c i n i t y  of an a s t e r o i d  should be conducted. Simultaneous 

observa t ions  of the  s o l a r  wind wi th  a plasma probe a re  des i r ab le .  

The equi l ibr ium temperatures  of a r o t a t i n g  body l i k e  Eros wi th  no 

i n t e r n a l  hea t ing  should be c lose  t o  

wave radiometer  w i l l  accomplish the measurement. 

300°K. An I R  radiometer  or micro- 

6 2 . 2  Electro-Optical  Observations 

Photometr ic ,  spec t roscopic  and t e l e v i s i o n  observa t ions  from the  

s o l a r  s i d e  of  t h e  i l lumina ted  a s t e r o i d a l  su r f ace  w i l l  y i e l d  ineaeuremente 

of t h e  s p e c t r a l  i n t e n s i t y  of s ca t t e r ed  s u n l i g h t ,  and an ind ica t ion  of  

i t s  shape and of  i t s  g rosse r  sur face  f e a t u r e s .  

from Eros, a 22 lan x 6 km body, i s  compatible wi th  the  r e s o l u t i o n  achieved 

wi th  M a r i n e r 4  t e l e v i s i o n  o p t i c s  i . e . ,  1 km a t  10,000 lan. Visual  
observa t ions  r e q u i r e  a very emall  m i s s  d i s t a n c e  of a f e w  hundred 

k i lometers  or less t o  a s c e r t a i n  sur face  f e a t u r e s .  The measurement of 
s p a c e c r a f t  t r a j e c t o r y  d e f l e c t i o n  and the  f e a s i b i l i t y  of radar  ranging 

are a l s o  improved by a c lose  mies. 

0 
A misr d i s t ance  of 1000 km 

4.2.3 Chemical Composition 

Chemical ana lyo i s  techniques can be performed only from the  a a t e r o i d  

s u r f a c e  and thus r equ i r e  a lander  mission. Spec t roscopic  measuremento, 

however, cm provide d a t a  from which the  su r face  composition can be 

e8 t i m a  t ed . 

PH I LCO 
.._." . S n r  6 . .  r r ~ ,  "+4.,"* 

4- 3 

1. 
WDL DIVISION 



SECTION 5 

CONCLUSIONS 

5.1 COMET AND CLOSE-APPROACH ASTEROID MISSIONS 
\ 

The report analyzes what is known about the geometry, brightness 

and composition of comets to the extent necessary for conducting a 

mission analysis and for designing conceptual spacecraft. Such comet 

"models" have been developed to specify requirements of scientific 

instruments for performing comet measurements, to assess the applica- 

bility of existing instrumentation, and to determine the influence of 

the comet environment upon subsystem design and mission capability. 

Astrophysical and exobiological scientific objectives have been iden- 

tified and representative comet payloads established to determine the 

distribution of matter and magnetic field during a fly-through, to 

observe the nucleus and its surrounding region, and to determine 

cometary chemical composition. 

Scientific measurements perfomed from on-board a spacecraft during 

its intercept with a comet fulfill two roles in determining the compo- 

sition of comets. The first function is to complement measurements 
performed f r m  earth astronmical observatories by direct rampling of 

the particle, field and molecular composition of a comet, by clore- 

range observation of its physical features, and by detecting predicted 

but unobserved spectral emissions. The second function is to supplement 

measurements performed on the earth by confirming spectral lints 

previously recorded, especially those that are ambiguously identified, 

On-board measurements can better serve their complementary and rupple- 

mentary functions if they are correlated with simultaneous photometric 

and rpectroscopic obrervations from Earth. 

The compatibility of particle-and-field experiment8 for comet 

intercepts with basic interplanetary measurements is unique to this 

5-1 
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type of encounter mission. 

The scientific feasibility of comet missiomwith an Atlas-Centaur 

launch vehicle during 1967-1975 has been established. 

A mission to the close-approach asteroid Eros is outlined to 

establish growth potential for the comet probe. 

The scientific feasibility of a comet missions to Pons-Winneckc 
with an Atlas-Agena/Mariner-C during late 1969 and early 1970 has been 

established. 

5-2 
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APPENDIX A 

INSTRUMENT SUPPLEMENT 

A.  1 PARTICLE-AND-FIELD INSTRUMENTS 

Data shee t s  on the following instruments  a r e  presented i n  t h i s  

s e c t i o n  t o  supplement the  instruments t abu la t ed  i n  Tables 3 - 1 A  t o  3-1B 

f o r  performing p a r t i c l e  and f i e l d  measurements i n  Cometary Coma: 

1. OGO-C Massen f i l t e r  

2 .  J P L  Ion Mass Spectrometer 

[Leite, 19643 

@ i f f i n ,  1964  

I n  add i t ion ,  a b r i e f  sumnary of an in f r a - r ed  and v i r i b l e - l i g h t  

photometric dus t  d e t e c t o r  [Cooley, 19641 i e  presented.  

A . l . l  Univers i ty  of Michistan OGO-C Massen f i l t e r  

The f o l l w i n g  parameters descr ibe  the  o v e r a l l  c . .aracter ,s t ice  of 

the  OGO Massenf il te r :  

Dimensions 

Weight 

Power 

Dynamic Range 

Sene i t  i v i  t y  

Windw Area 

Resolut ion 

Output Data 

8 ~ 8 x 8  i n .  

8.3 i b r .  

36 wat t rpeak;  23.8 wat t8  average 

0-50 AMU ( spec t r a )  
0-40 AMU ( i n t e g r a t e d  mare f lov )  

t o  1 0 - l ~  amp pe r  v o l t  

5 . 5  degree conica l  look angle  

2 AMU a t  40 AMU; M/AM = 20 a t  half-ampli tude 

Analog (0-5 v o l t s )  

A - 1  
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Thermal Limits 

Measurement Time 

O°C to 4OoC (operational) 

5 sec. (sweep over spectrum) 
3G sec. (complete ion mode survey) 
30 sec. (complete neutral mode survey) 
70 sec. (complete cycle of opcxation) 

A .  1.2 JPL Ion Mass Spectrometer 

Dimensions 

Weight 

Power 

Dynamic Range 

Sensitivity 

Field of View 

Resolution 

Output Data 

Bi to 

Measurement Time 

12  x h x 3 inches 

10 lbs. 

10 w 

1 - 66 A E U  

3 atomslcc 
60-degree cone 

MI M > 40 

Pigital 

3000 bits/sepctrum 
f o r  17. peak measurement 

Data accumulated in 50 to 60 sec of 
continuous scanning during approach at 
3 kmlscc relative velocity; instrument 
designed for lunar atmosphere measurements 

A.1.3 IR-Visible Photometric Dust Detector 

Exotech, Inc. has conducted experimental programs that show that 

high-velocity punctures can be detected with infra-red senaors that 

observe the radiation produced in a vacuum from impact and puncture of 

a thin target. Experiments show a correlation between the intensity of 

the infra-red signal and the projectile's kinetic energy; so that, if 

the impact velocity is measured, the particle nass can be calculated. 

A - 2  
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Analysis  of da t a  by North American Aviat ion on the  e f f e c t i v e  co lo r  

temperature  of impact f l a s h  a t  the time of peak luminosi ty  f o r  50-micron 

Pyrex spheres  on aluminum shows tha t  the e f f e c t i v e  temperature v a r i e s  

approximately a s  the 0.35 power of v e l o c i t y  from 6 t o  14 kmfsec. (Rela t ive  

spacecraf t -comet  v e l o c i t l  e s  range from 8-16 km/sec).  By assuming a 

black-body s p e c t r a l  d i s t r i b u t i o n  and c a l c u l a t i n g  the peak black-body 

r a d i a t i o n  corresponding t o  the North American Aviat ion measurements 

i n  the  v i s i b l e  spectrum, a dependence of the peak biack-body radiance 

on the  3.2 power of v e l o c i t y  was found, which is i n  approximate agreement 

wi th  the veloci ty-cubed dependence determined from i n f r a r e d  impact-flash 

measurements made during t h i s  program and which i e  pred ic ted  on the 

b a s i s  of a dimensional a n a l y s i s  of the  impact f l a s h  process .  

Fu r the r  research  i s  des i r ab le  t o  determine more p r e c i s e l y  the  

s p e c t r a l  d i s t r i b u t i o n  of impact-flash,  puncture- f lash  and back-spa t te r  

f l a s h  s i g n a l s  a s  a func t ion  of time a f t e r  impact f o r  the range of 

p r o j e c t i l e  and t a r g e t  parameters which a r e  of p o t e n t i a l  u t i l i t y  f o r  

advanced meteoroid ins t rumenta t ion  systems. 

a 

Two l ead - su l f ide  (PbS) IR-sensor u n i t s  have been developed by Exotech 

and t e s t e d  a t  p re s su res  down t o  1.1 x Torr  f o r  opera t ion  i n  the  

0-7 t o  2.5-micron wavelength region. 

A.2 OBSERVATIONS OF NUCLEUS 

Data on the fol lowing instruments a r e  presented t o  supplement the 

inr t ruments  t abu la t ed  i n  Tables 3-2A and 3-2B f o r  performing photometric 

and spec t roscopic  measurements on the  nucleus and i n  the  coma: 

(1) N U  Lyman-alpha photometer 
[Randall, 1964; Randall ,  Hanley and Larison,  19633 
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0 
Most of t he  NRL r o c k e t - f l i g h t  spectrometers opera te  below 2000A and 

t h u s  ou t s ide  the  region of cometary i n t e r e s t  [Siomkajlo, 19643. 

\ 
(2) Cook E l e c t r i c  Company scanning spectrometer 

[Cook, 19643 

A.2.1 NRL Lyman-Alpha Photometer 

Dimensions-Detector 

Weight 

Spec t r a l  Range 

R e  8 o 1 u t  1 on 

Sen8 i t i v i  t y  

Exposed Detec tor  Area 

Angular F i e l d  of V i e w  

Thermal L i m i t s  During Operation 

F l i g h t  His t o r y  

3 . 4  cm d i a  x 2 . 4  an long 

33.3 grams 

1 040 - 1 3 40: 

1 OR 

40% Ef f i c i ency  

about 318'' diameter 

f 40 deg. 

-15OC t o  +15'C 

a )  A i r c r a f t  

b) Rocket 

A.2.2 Cook OAO-A Scanning Spectrometer 

D imens i ons 15 x 94 x 45k incher 

Weight 52 l b r  * 
S p e c t r a l  Range 

Reeolut ion 

1000 - 4000 1 
i n  two overlapping bandr 

S e l e c t a b l e  r l i t  wid thr :  
10 and 1008 
20 and 20051 

Output Data D i g i t a l  and analog 

Thermal L i m i  ts -55OC t o  +72OC 
0 

* Useful range for  cometary r p c c t r a l  emi r r ion r  io 3000 - 400OA 
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